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Description 

i 

PROTEASE INHIBITOR 

Technical Field 

The present invention relates to a cysteine protease inhibitor 
comprising casein, a partial peptide of casein or a casein hydrolysate 
as an active ingredient, which can be used for preventive or 
therapeutic agents for osteoporosis, malignant hypercalcemia, 
breast cancer, prostate cancer, periodontitis, bacterial or viral 
infectious disease or the like, and used for food, drink, feed and 
the like. '. 

Background Art 

A proteolytic enzyme having a thiol group at its active center 
is generally named as cysteine protease (thiol protease) . Cathepsin 
L, cathepsin B or cathepsin K is one of typical cysteine proteases 
along with calcium-dependent neutral protease (CAMP) , papain, ficin, 
promelain and the like . Substances having inhibitory action against 
those cysteine proteases are expected to be used as therapeutic 
agents for diseases associated with cysteine proteases including 
muscular dystrophy, dystrophia, - myocardial infarct, apoplexy, 
Alzheimer 1 s disease, disturbance of consciousness or motility caused 
by head trauma, multiple sclerosis, peripheral neuropathy, cataract, 
inflammation, allergy, fulminant hepatitis, osteoporosis, 



hypercalcemia, breast cancer, prostate cancer or enlarged prostate, 
or as a grpwth inhibitor or metastasis preventive agent for cancer, 
an antithrombotic drug and the like. Moreover, in recent years, 
the relationship between cathepsin L, cathepsin B, and osteoporosis 
or malignant hypercalcemia has been elucidated based on the studies 
made by Katsunuma et al- Accordingly, in particular, application 
of a cathepsin L inhibitor as a therapeutic agent for osteoporosis 
or malignant hypercalcemia is attracting attention (Nobuhiko 
Katsunuma, M BIO media" Vol. 7, No. 6, pp. 73 to 77, 1992) . In bone 
tissue, osteogenesis by osteoblast and bone resorption by osteoclast 
are occurring throughout life. In growing ages, bone mass is 
increased due to excessive osteogenesis over bone resorption, 
whereas in older ages, bone mass is decreased due to excessive bone' 
resorption over osteogenesis, which leads to development of 
osteoporosis. There are various causes of osteoporosis, and 
especially, one of main causes thereof is bone collapse (bone 
resorption) , which is further divided into the following two causes. 
That is, one is attributed to failure of absorption and deposition 
of calcium, more specifically related to supply, transfer, 
absorption and deposition of calcium, in which vitamin D derivatives, 
female hormone (estrogen) and the like are considered to be involved. 
The other one is associated with promoted degradation of collagen, 
a bone-supporting tissue, and a principal cause thereof is 
degradation of bone collagen by a cysteine protease which is secreted 
from the lysosome located in the osteoclast , in particular , cathepsin 
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L, cathepsin B, and cathepsin K. The cathepsin L and capthepsin 
B secreted from the lysosome in the osteoclast promote degradation 
of collagen in bone tissue, whereby old bones are caused, to lyse, 
and calcium is freed and released into the blood together with 
hydroxyproline. Therefore, inhibition of collagen degradation by 
cathepsin L, cathepsin B and cathepsin K enables prevention of 
excessive bone collapse, thus making it possible to treat 
osteoporosis. Estrogen, anabolic hormone, calcium preparation, 
vitamin D, calcitonin, bisphosphonate or the like is known as a 
therapeutic agent for such osteoporosis. In addition, development 
of a therapeutic agent for osteoporosis using some cysteine protease 
inhibitors is under progress as regards -a therapeutic agent for 
osteoporosis having a mechanism of action of so-called cysteine 
protease inhibition including cathepsin inhibition, cathepsin 
B inhibition -and cathepsin K inhibition (JP 07-179496 A, JP 
2002-501502A) . However, further development of therapeutic agents 
for osteoporosis has been desired. 

Meanwhile, hypercalcemia is a metabolic disorder where calcium 
concentration in the serum is elevated beyond the normal value, 
and is often seen in patients with tumor. It is said that, if 
hypercalcemia is neglected, the life of the patients would be 10 
days long at most . In many cases, it is caused due to bone metastasis 
of tumor. When tumor transfers to the bone, bone collapse occurs, 
and calcium is released into the blood. The released calcium is 
disposed in the kidney, and hypercalcemia develops when a speed 
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of bone collapse exceeds the disposing capacity of the kidney. As 
a.method of treatment, a method of promoting calcium excretion from 

i 

the kidney by use of infusion of physiological saline with f urosemide 
and a method of using calcitonin as a therapeutic agent for 
osteoporosis are known. Namely, it is said that a therapeutic agent 
for osteoporosis which suppresses bone resorption can be also 
effective as a therapeutic agent for malignant hypercalcemia. 

The followings have already been disclosedas cysteine protease: 
inhibitors which may be used for such purposes, by the inventors 
of the present invention. 

(1) Cathepsin L-specific inhibitory polypeptide (JP 07-179496 A). 

(2) Thiol protease inhibitor (JP 09-221425 A) 

(3) Valine derivative and its use (JP 2001-139534 A) 

(4) Thiol protease inhibitor (JP 07-242600 A) 

(5) FA-70C1 substance (JP 2000-72797 A) 

(6) FA-70D substance, its production method and its use (WO 97/31122) 

However, development of a more versatile cysteine protease 
inhibitor has been desired from the viewpoint of usage as food 
material. 

On the other hand, it has been known so far that protease 
inhibitory substances arepresent inbreast milk. The known protease 
inhibitory substances contained in breast milk include 
al-antichymotrypsin and al-antitrypsin, and inhibitors including 
inter a2-trypsin inhibitory substance, a2-antiplasmin, 
a2-macroglobulin, antithrombin III, antileukoprotease are 
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contained in a minute amount in breast milk (Isao Kiyosawa, "Human 
Milk in Infant Nutrition, " Kanehara & Co.,,. Ltd., pp. 80 to 81). 

i 

The following proteins having cysteine protease inhibitory 
activity in milk have already been disclosed. 

(1) Novel cysteine protease inhibitor with a molecular weight of 
approximately 57 kDa which has a sugar chain and is derived from 
bovine colostrum (JP 07-2896 A) . 

(2) Novel cysteine protease inhibitor with a molecular weight of 
16 ± 2 kDa or 13 ± 2 kDa which is derived from colostrum ( JP 07-126294 
A) . 

(3) Novel protein with a molecular weight of 16 ± 2 kDa or 13 ± 
2 kDa which is derived from human colostrums , and a production method 
for the same (JP 10-80281 A) . 

(4) Bone resorption inhibitor which includes .basic cystatin of milk 
origin which is prepared from milk and/or degradation product of 
basic cystatin of milkorigin, as an active ingredient (JP 2000-281587 
A) . 

(5) Cystatin C contained in milk basic protein (MBP) , and a bone 
resorption inhibitory activity by the cystatin C in vitro 

("Bioscience, Biotechnology , r and Biochemistry, Japan" Vol. 66, No. 
12, 2002, pp. 2531 to 2536). 

Proteins contained in mammalian milk in a large amount include 
lactoferrin and fi-casein. Caseins are classified into as-casein, 
15-casein and K-casein. Casein in human milk is almost fi-casein, 
as-casein not-being present or being present only in trace amount, 
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whereas casein in bovine milk is composed of almost equal amounts 
of as-casein and li-casein. In addition to a function as nutritional 
component, casein attracts attentions in recent years because a 
bioactive peptide having a calcium absorption-stimulatory effect 
or macrophage phagocytosis-activating effect which is inherently 
included in the primary structure of the protein has been found. 
In addition to its high nutritional value, casein contributes to 
our dietary life as raw material of milk products, or: as component 
of a variety of foods such as cheese, yogurt and skim milk. 

As an invention that utilizes casein, the present applicant 
discloses a preventive agent for arteriosclerosis which comprises 
K-casein or a hydrolysate of K-casein as an active ingredient (JP 
08-81388 A) . 

In addition, it has been disclosed that li-casein isolated from 
human milk or its recombinant form, or a hydrolysate of either of 
them has an inhibitory activity on attachment of Haemophilus 
influenzae to human cells ( JP10-500101 A) , and an inhibitory effect 
on infection of RS virus (Respiratory Syncytial Virus) to mammalian 
cells ( JP10-500100 A) . 

Moreover, angiotensin converting enzyme inhibitory activity 
of a fl-casein hydrolysate has been disclosed (JP 06-128287 A and 
JP 06-277090 A) . 

However, it is not known that casein and a partial peptide 
thereof have cysteine protease inhibitory action. 
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Disclosure of the Invention - 

An object of the present invention is to provide a versatile 
cysteine protease inhibitor which cai^be widely used as a f ood material , 
and which can be used for preventive or therapeutic agents for 
osteoporosis, malignant hypercalcemia, breast cancer, prostate 
cancer, periodontitis, or bacterial and viral infectious diseases 
and the like, and for various types of food, drink and feed. 

As a result of extensive studies for searching a cysteine 
protease inhibitor which may be used as antigenic-f ree and safe 
material, the inventors of the present invention found that casein 
which is a protein of milk origin, a partial peptide of casein and 
a casein hydrolysate have cysteine protease inhibitory activity, 
and thereby completed the present. invention. 

The gist of the present invention is as in the following (1) 
to (24) . 

(1) A cysteine protease inhibitor comprising casein or a 
partial peptide thereof as an active ingredient. 

(2) The cysteine protease inhibitor according to (1) , wherein 
the casein or the partial peptide thereof is derived from human 
or bovine. r 

(3) A cysteine protease inhibitor comprising casein as shown 
in the following (A) or (B) or a partial peptide thereof as an active 
ingredient; 

(A) a peptide having amino acid sequence of at least amino acid 
numbers 133 to 151 of the amino acid sequence shown in SEQ ID No. 
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1 of the Sequence Listing, or 

(B) a peptide having amino acid sequence of at least amino acid 
numbers 133 to 151 of the amino acid sequence shown in the SEQ ID 
No. 1 of the Sequence Listing, including substitution, deletion, 
insertion, addition or inversion of one or plural amino acids, and 
having cysteine protease inhibitory activity. 

(4) A cysteine protease inhibitor comprising casein as shown 
in the following (C) or (D) or a partial peptide thereof as an active 
ingredient; 

(C) a peptide having amino acid sequence of at least amino acid 
numbers 142 to 160 of the amino acid sequence shown in SEQ ID No. 

2 of the Sequence Listing, or 

(D) a peptide having amino acid sequence of at least amino acid 
numbers 142 to 160 of the amino acid sequence shown in the SEQ ID 
No. 2 of the Sequence Listing, including substitution, deletion, 
insertion, addition or inversion of one or plural amino acids, and 
having cysteine protease inhibitory activity. 

(5) A cysteine protease inhibitor comprising casein 
hydrolysate, which is obtainable by hydrolyzing casein with protease 
and has cysteine protease inhibitory function, as an active 
ingredient . 

(6) The cysteine protease inhibitor according to (5) , wherein 
the protease is one or a plurality of proteases selected from the 
group consisting of proteases derived from animals and proteases 
derived from microorganisms. 
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(7) The cysteine protease inhibitor according to (5) or (6), 
wherein the degree of hydrolysis of the casein hydrolysate is 6 
to 45%. 

(8) The cysteine protease inhibitor according to any one of 
(5) to (7), wherein number-average molecular weight of the casein 
hydrolysate is 200 to 5,000 dalton. 

(9) The cysteine protease inhibitor according to any one of 
(5) to (8), which comprises the casein hydrolysate not less than 
0.005% by mass with respect to the total amount. 

(10) The cysteine protease inhibitor according to any one of 
(1) to (9) , wherein the cysteine protease inhibitor is a preventive 
or therapeutic agent for a disease associated with cysteine protease . 

(11) The cysteine protease inhibitor according to (10) , wherein 
the disease associated with the cysteine protease is osteoporosis, 
malignant hypercalcemia, breast cancer, prostate cancer, 
periodontitis, bacterial and viral infectious diseases or the like. 

(12) A food and drink composition or feed composition, which 
is produced by adding the cysteine protease inhibitor according 
to any one of (1) to (11) . 

(13) : A method for treating a disease associated with cysteine 
protease, wherein the cysteine protease inhibitor according to any 
one of (1) to (11) is administered to a subject. 

(14) A use of casein or a partial peptide thereof in manufacture 
of a cysteine protease inhibitor. 

(15) The use according to (14) , wherein the casein or the part ial 
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peptide thereof is derived from human or bovine. 

(16) A use of casein as shown in the following (A) or (B) or 
a partial peptide thereof in manufacture of cysteine protease 
inhibitor; 

(A) a peptide having amino acid sequence of at least amino acid 
numbers 133 to 151 of the amino acid sequence shown in SEQ ID No. 
1 of the Sequence Listing, or 

(B) a peptide having amino acid sequence of at least amino acid 
numbers 133 to 151 of the amino acid sequence shown in SEQ ID No. 

1 of the Sequence Listing, including substitution, deletion, 
insertion, addition or inversion of one or plural amino acids, and 
having cysteine protease inhibitory activity. 

(17) A use of casein-as shown in the following (C) or (D) or 
a partial peptide thereof in manufacture of cysteine protease 
inhibitor; 

(C) a peptide having amino acid sequence of at least amino acid 
numbers 142 to 160 of the amino acid sequences shown in SEQ ID No. 

2 of the Sequence Listing, or 

(D) a peptide having amino acid sequence of at least amino acid 
numbers 142 to 160 of the amino acid sequences shown in SEQ ID No. 
2 of the Sequence Listing, including substitution, deletion, 
insertion, addition or inversion of one or plural amino acids, and 
having cysteine protease inhibitory activity. 

(18) A use of a casein hydrolysate, which is obtainable by 
hydrolyzing casein with a protease and. has cysteine protease 
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inhibitory function, in manufacture of a cysteine protease 
inhibitor. 

i 

(19) The use according to (18), wherein the protease is one 
or a plurality of proteases selected from the group consisting of 
proteases derived from animals and proteases derived from 
microorganisms . 

(20) The use according to (18) or (19), wherein the degree 
of hydrolysis of the casein hydrolysate is 6 to 45%. 

(21) The use according to any one of (18) to (20), wherein 
number-average molecular weight of the casein hydrolysate is 200 
to 5,000 dalton. 

(22) Theuseaccordingtoanyoneof (18) to (21) , which comprises 
the casein hydrolysate not less than 0.005% by mass with respect 
to, the total amount. 

(23) The use according to any one of (14) to (22), wherein 
the cysteine protease inhibitor is a preventive or therapeutic agent 
for a disease associated with cysteine protease. 

(24) The use according to (23) , wherein the disease associated 
with cysteine protease is osteoporosis, malignant hypercalcemia, 
breast cancer, prostate cancer, periodontitis, bacterial and viral 
infectious diseases, or the like. 

Brief Description of the Drawings 

Fig. lis a diagram (photograph) which shows detection of bovine 
milk protein by reverse zymography. 
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Fig. 2 is a diagram which shows amino acid sequences of bovine 
(i-casein and bovine fi-casein peptide. 

i 

Fig. 3 is a diagram which shows cysteine protease inhibitory 
activities of caseins to papain. 

Fig. 4 is a diagram which shows spectrum of cysteine protease 
inhibitory activity of Ji-casein. 

Fig. 5 is a diagram which shows amino acid sequences of human 
ii-casein and human ft-casein peptide. 

Best Mode for carrying out the Invention 

Preferred embodiments of the present invention will be 
described in detail below. However, the present-invention is not 
limited to the following preferred embodiments, and any changes 
may be made within the scope of the present , invention . All 
percentages used in the present specification are represented by 
weight unless otherwise noted. 

The present invention relates to a cysteine protease inhibitor 
comprising casein, partial peptide of casein or casein hydrolysate 
as an active ingredient. Casein used in the present invention may 
be various kinds of commercially available casein, casein isolated 
from milk of human, bovine, horse or goat by a conventional procedure 
(for example, isoelectric precipitation procedure), or casein 
producedby use of gene recombination techniques and the like. Casein 
is classified into a-casein, Ji-casein, and K-casein and any type 
of casein may be used for the present invention, and IJ-casein or 
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K-casein-is preferably used. Above all, 15-casein derived from human 
(for example, /1-casein derived from human having the amino acid 
sequencedescribed in Swiss-Prot Accession No. : P05814) andA-casein 
derived from bovine (for example, bovine fi-casein having the amino 
acid sequence described in Swiss-Prot Accession No: P02666) are 
preferable. Specifically, the amino acid sequence of the human 
B-casein is shown in SEQ ID No. 1, and the amino acid sequence of 
the bovine 15-casein is shown in SEQ ID No. 2. 

The partial peptide of casein used in the present invention 
may be obtained by hydrolyzing the casein with an acid or protease 
according to a known method, and purifying the resultant partial 
peptide. For instance, the partial peptide may be produced by 
hydrolysing casein with lysyl endopeptidase in a 100 mM Tris-HCl 
buffer solution (pH 8.5) at 35°C for three or longer hours, and 
purifying the resultant partial peptide by a high performance liquid 
chromatography (HPLC) method etc. 

Preferred embodiments of casein or a partial peptide of casein 
which can be used in the present invention include human B-casein 
having the amino acid sequence shown in SEQ ID No. 1, or a peptide 
having amino acid sequence of at least amino acid numbers 133 to 
151 of the amino acid sequence shown in SEQ ID No. 1. In addition, 
bovine li-casein having the amino acid sequence shown in SEQ ID No. 
2 or a peptide having amino acid sequence of at least amino acid 
numbers 142 to 160 of the amino acid sequence shown in SEQ ID No. 
2 can be exemplified. Note that sequences of amino acid numbers 
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1 to 15 of the amino acid sequence shown in SEQ ID No; 1 of the 
Sequence Listing and the amino acid sequence shown in SEQ ID No. 

2 of the Sequence Listing are signal sequences. 

The casein and partial peptide of casein have cysteine protease 
inhibitory activity, and therefore they can be used for the cysteine 
protease inhibitor of the present invention. Moreover, it is 
considered that peptides having amino acid sequence which includes 
amino acid numbers -133 to 151 of SEQ ID No. 1 in the Sequence Listing 
and further extends to one or both of the N-termius side and the 
C-termius side, and peptides having amino acid sequences which 
includes amino acid numbers 142 to 160 of SEQ ID No. 2 in the Sequence 
Listing and further extends to one or both of the N termius side 
and the C termius side, have cysteine protease inhibitory activity , 
because full-length casein has cysteine protease inhibitory 
activity. 

Since the present invention have revealed a domain showing 
cysteine protease inhibitory activity, the above peptides may be 
obtained by chemical synthesis based on amino acid sequence including 
the domain, as well as by gene recombination techniques . For example, 
appropriate primers are prepared on ther basis of the nucleotide 
sequence coding for amino acid sequence including the domain. The 
nucleotide sequence is then amplified by PCR and the like using 
the primers and cDNA including the target nucleotide sequence as 
a template. The obtained nucleotide sequence is expressed using 
an appropriate expression* system, thereby the peptides described 
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above can be obtained. 

} In general, there exist mutations including substitution, 

deletion, insertion, addition or inversion of one or more nucleotides 
at one or more positions in a gene, due to difference in species, 
genus, individual and the like, and mutation arises in an amino 
acid of a protein encoded by a gene including the above mutation. 
Casein and a partial peptide of casein which can be used for the 
present invention may thus include such mutation within a range 
that the cysteine protease inhibitory activity is not impaired. 
Casein or a partial peptide of casein which can be used for the 
present invention includes a peptide which has amino acid sequence 
of at least amino acid numbers 133 to 151 of the amino acid sequence 
shown in SEQ IDNo . 1 of the Sequence Listing and includes substitution, 
deletion, insertion, addition or inversion of one or plural amino 
acids and has cysteine protease inhibitory activity, and a peptide 
which has amino acid sequence of at least amino acid numbers 142 
to 160 of the amino acid sequence shown in SEQ ID No. 2 of the Sequence 
Listing and includes substitution, deletion, insertion, addition, 
or inversion of one or plural amino acids and has cysteine protease 
inhibitory activity. The term plural, as used herein, varies with 
a position or a kind of an amino acid residue in the protein 
conformation of amino acid numbers 133 to 151 of the amino acid 
sequence shown in SEQ ID No. 1 of the Sequence Listing, or amino 
acid numbers 142 to 160 of the amino acid sequence shown in SEQ 
ID No. 2 of the Sequence Listing, and for example, it refers to 
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2 to 5 amino acids, preferably 2 or 3 amino acids. 

Further, substitution, deletion and the like of one or plural 
amino acids may be included in amino acids except the amino acids 
of amino acid numbers 133 to 151 of the amino acid sequence shown 
in SEQ ID No. 1 of the Sequence Listing, or amino acids except the 
amino acids of amino acid numbers 142 to 160 of the amino acid sequence 
shown in SEQ ID No. 2 of the Sequence Listing. In this case, for 
example, the term plural refers to 2 to 10 amino acids, preferably 
2 to 5 amino acids, though varying with a position or a kind of 
an amino acid residue in protein conformation. 

Moreover, examples of casein or a partial peptide of casein 
which can be used for the present invention include a protein or 
a- peptide which has homology not less than 80%, preferably not less 
than 90%, more preferably not less than 95% in an amino acid sequence 
with -a protein or a peptide having amino acid sequence of at least 
amino acid numbers 133 to 151 of the amino acid sequence shown in 
SEQ ID No. 1 of the Sequence Listing, or protein or a peptide having 
amino acid sequence of at least amino acid numbers 142 to 160 of 
the amino acid sequence shown in SEQ ID No. 2 of the Sequence Listing, 
and which has cysteine protease inhibitory activity. 

Nucleotide sequence which codes for a protein or a peptide 
substantially identical with the casein protein or peptide as 
described above can be obtained, for example, by modifying the 
nucleotide sequence with site-directed mutagenesis in such a manner 
that an amino ac-id residue located at a specific site includes 
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substitution, deletion, addition or inversion. The modified 
nucleotide sequence may be obtained by means of conventional 
mutagenesis treatment . Nucleotide sequence which codes for protein 
or a peptide substantially identical with casein or a casein peptide 
may be obtained by expressing a nucleotide sequence including 
mutation in appropriate cells and examining cysteine protease 
inhibitory activity by a method of determining the cysteine protease 
inhibitory activity described in Examples of the present invention. 

Hydrolysate of casein may also be used in the present invention . 
Caseins which can be hydrolyzed include those described above. 
Casein hydrolysate can be obtained by hydrolyzing those caseins 
with protease as described below. 

That is, the material casein as described above is dispersed 
and dissolved in water or hot water. Although concentration of the 
solution is not particularly limited, it is usually desirable to 
keep a concentration range of around 5 to 15% .of protein from the 
viewpoint of efficiency and operability of hydrolysis. From the 
viewpoint of preventing rancid due to contamination, it is desirable 
to sterilize the obtained solution containing the casein by heating 
at 70 to 90°C for 15 seconds to 10 minutes. Next, it is preferable 
to add alkaline reagent or acid reagent into the solution containing 
the casein and to adjust pH to optimal pH of protease or its vicinity. 
Alkaline reagent and acid reagent used for the method of the present 
invention may be any alkaline reagent or acid reagent as far as 
they are acceptable for foods or pharmaceutical products. Specific 
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examples of alkaline reagents include -sodium hydroxide, potassium 
hydroxide and potassium carbonate, whereas examples of acid reagents 
include hydrochloric acid, citric acid, phosphoric acid and acetic 
acid. 

After that, a protease is added to the casein solution. The 
protease is not particularly limited as far as it is an enzyme which 
can hydrolyze protein, and preferably is an enzyme derived from 
animals or microorganisms. In addition, an enzyme is preferably 
endopeptidase . As an endopeptidase, various enzymes such as 
pancreatin, pepsin, trypsin, elastase and the like can be used. 
The term "derived from" means that the above-mentioned organisms 
possess it by nature, -but does not mean a source from which it is 
collected. For example, the protease obtained by introducing a gene 
coding for a protease produced by Bacillus subtilis into Escherichia 
coli and expressing the gene, is "derived from" Bacillus subtilis. 

It is preferable that protease is added at a rate of 20 to 
200 units of activity/g of casein (this unit will be described later) . 
Here, the unit of activity can be determined, for example, by the 
following method: powder containing protease is dispersed or 
dissolved in 0 . 1 mol phosphate buffer solution (pH 7.0) at a rate 
of 0.2g/100 ml to prepare an enzyme solution. Meanwhile, 
leucylparanitroanilide (manufactured by Kokusan Chemical Co. , Ltd., 
hereinafter, referred to as Leu-pNA) is dissolved in 0 . 1 mol phosphate 
buffer solution (pH 7.0) to prepare 2 mM of substrate solution. 
1 ml of -substrate solution is added to 1 ml of an enzyme solution 
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to allow reaction at 37°C for 5 minutes, followed by addition of 
2 ml of 30% acetic acid solution to terminate the reaction. The 
reaction solution is then filtered with a membrane-filter and 
absorbance of the filtered solution is measured at a wavelength 
of 410 nm. The activity unit of protease, while the amount of an 
enzyme required to degrade 1 jjjtioI of Leu-pNA for 1 minute is defined 
as 1 activity unit, can be calculated according to the following 
formula. 

Activity unit (per 1 g of powder) = 20 x (A/B) 
In the above formula, A and B represent the absorbance of a sample 
or 0 . 25 mM paranitro aniline at a wavelength of 410 nm, respectively. 

The protease used in the present invention may be of one 
kind or of two or more kinds. When two or more kinds of enzymes 
are used, enzyme reactions may be carried out either simultaneously 
or separately. 

A solution to which an enzyme is added is maintained at suitable 
temperature, for example, at 30 to 60°C, preferably at 45 to 55°C 
in accordance with the type of the enzyme, and then casein hydrolysis 
is initiated. The hydrolysis reaction is allowed to be continued 
until a preferable degree of hydrolysis is achieved, while monitoring 
the degree of hydrolysis of the enzyme reaction. In the present 
invention, the degree of hydrolysis of a casein hydrolyate is 
particularly preferably 6 to 45%. Here, the degree of hydrolysis 
of the casein hydrolysate not less than 6% suggests that the 
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degradation further proceeds. That is, the degree of hydrolysis 
is preferably not less than 6%j, since the degree of hydrolysis below 
6% suggests a possibility that undegraded casein which is not 
subjected to the enzyme reaction still remains. 

The method for calculating a degree of hydrolysis of protein 
is: for example, total nitrogen in a sample is measured with the 
Kj eldahl method (The Japanese Society for Food Science and Technology 
edition, "Shokuhin bunsekiho, " pl02, Korin Publishing Co., Ltd., 
1984), and formol nitrogen in a sample is measured with a formol 
titration method (Ikeda et al. edited, "Food Engineering 
Experiments/' Vol. 1, p547, Yokendo Co. Ltd., 1970) and, based on 
those measurement values, the degree of hydrolysis is calculated 
according to the following formula. 
Degree of hydrolysis (%) = (formol nitrogen/total nitrogen) x 100 

Termination of hydrolysis reaction is performed by 
inactivating enzymes in a hydrolysis solution, and may be carried 
out by inactivation with conventional heat treatment. Heating 
temperature and retention time of the inactivation with heat 
treatment can be set a condition under which enzyme is sufficiently 
inactivated in consideration of the thermal stability of the enzyme 
used. For example, heat treatment can be performed at temperature 
ranging from 80 to 130°C for retention time of 2 seconds to 30 minutes . 
The obtained reaction solution may be adjusted within a range of 
pH 5.5 to 7 by use of acids such as citric acid when needed. 

In this specification, the term "number-average molecular 
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weight" refers to an average value of the molecular weight of a 
macromolecule compound based on different indexes, as described 
in a literature concerning the number-average molecular weight 
(edition by The Society of Polymer Science, Japan "The Foundation 
of Polymer Science" pp. 116 to 119, Tokyo Kagaku Dozin Co., Ltd., 
1978 ) . That is, macromolecule compounds such as protein hydrolysate 
are heterogeneous substances, and have distribution in molecular 
weight, and therefore the molecular weight of the protein hydrolysate 
needs to be represented by the average molecular weight to treat 
physicochemically . The number-average molecular weight 
(hereinafter, sometimes abbreviated to Mn) is an average with regard 
to number of molecules . Provided that a molecular weight of a peptide 
chain i is represented by Mi 'and the number of molecules thereof 
is represented by Ni, the number-average molecular weight is defined 
by the following general formula I . 
[General Formula I] 

oo oo 

Mn= X MiNi/£ Ni 

i=i i=i 

When the number-average molecular weight is determined in the 
present invention, it can be calculated by determining molecular 
weight distribution with the high performance liquid chromatography, 
and analyzing the data from analytical curves with GPC analysis 
system. A specific condition for the high performance liquid 
chromatography can be mentioned as a condition where Poly 
Hydroxyethyl Aspartamide Column (manufactured by Poly LC, Inc., 



21 



4.6 mm x 400 mm) is used as a column and elution is performed with 
20 mM sodium chloride and 50 mM formic acid at an elution rate of 
0.5 ml/min. Molecular weight is determined with a UV detector 
(manufactured by Shimadzu Corporation, wavelength of 215 nm) and 
an analytical curve is created from a sample with known molecular 
weight, and data is analyzed with the GPC analysis system 
(manufactured by Shimadzu Corporation, wavelength of 215 nm) , 
thereby the number-average molecular weight can be calculated. 

In the present invention, the number-average molecular weight 
of a casein hydrolysate is particularly preferably 200 to 5,000 
dalton. Here, the number-average molecular weight is preferably 
not more than 5,000 dalton, because undegraded casein which is not 
subjected to hydrolysis reaction is not included and thus a casein 
hydrolysate, an active ingredient in the present invention, is 
considered to be more certainly obtained when the number-average 
molecular weight of the casein hydrolysate is not more than 5,000 
dalton . 

The obtained solution containing casein hydrolysate may be 
directly used, and may also be used as concentrated solution which 
is concentrated by conventional methods, or as powder obtained by 
drying the concentrated solution by conventional method. 

The casein hydrolysate as obtained above has a cysteine 
protease inhibitory activity. Accordingly, a condition for 
producing a casein hydrolysate can be appropriately set by using 
a cysteine protease inhibitory activity as an index. 
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In the protease inhibitor of the present invention, casein, 
a partial peptide of casein, or a casein hydrolysate may be used 
alone, or two or more thereof may be used together. Moreover, one 
type of a partial peptide or a hydrolysate of casein may be used 
alone, or plural types thereof may be used in combination. 

Casein, a partial peptide of casein, or hydrolysate of casein 
which can be used for the present invention has inhibitory activity 
against cysteine proteases such as cathepsin B, L and papain. The 
cysteine protease inhibitory activity can be determined in 
accordance with the methods of Barrett et al (Methods in Enzymology, 
Vol. 80, pp. 535-561, 1981). For example, Z-Phe-Arg-MCA 
( Benzyloxycarbonyl-L-Phenylalanyl-L-Arginine4 -Methyl -Coumaryl- 
7 -Amide: final concentration of 20 mM: manufactured by Peptide 
Institute, Inc.) is added as a substrate into a solution in which 
casein, a partial peptide:and/or a hydrolysate of casein is dissolved 
in 0.1 M acetic acid buffer (pH 5.5), and then a cysteine protease 
(papain in the present Examples: manufactured by Sigma Co., Ltd.) 
solution (final concentration: 15 units/ml) is added and the whole 
solution is mixed to allow reaction at 37°C for 10 minutes. After 
that, fluorescence intensity (excitation wavelength: 370 nm, 
emission wavelength: 4 60 nm) of AMC ( 7-Amino-4-Methyl-Coumarin) 
released from the digested substrate is measured with a fluorescence 
spectrometer (manufactured by Hitachi, Ltd.). 

The cysteine protease inhibitor of the present invention can 
be produced by using casein, a partial peptide of casein and/or 
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a casein hydrolysate, and combining them with a pharmaceutical 
acceptable carrier . A form of administration unit of pharmaceutical 
of the preparation in the present invention is not particularly 
limited, and may be appropriately selected in accordance with 
therapeutic purposes. Specifically, examples of the form of 
administration unit include a tablet, a pill, powder, liquid, a 
suspension, an emulsion, granules, capsule, syrup, a suppository, 
an ointment, and a patch. Additives such as a vehicle, a bonding 
agent, a disintegrator , a lubricant, a stabilizer, a flavoring agent , 
diluent, surfactant and a solution for injection, which are commonly 
used for normal pharmaceuticals as a pharmaceutical carrier, may 
be used upon preparation. 

The amount of casein, a partial peptide of casein and/or a 
casein hydrolysate contained in the pharmaceutical of the present . 
invention is not particularly limited and may be appropriately 
selected. For example, it may be usually set to 0.005 to 80% by. 
mass, preferably 0.05 to 60% by mass in the preparation. 

Diseases associated with cysteine protease can be treated by 
oral or parenteral administration of the cysteine protease inhibitor 
of the present invention to a subject . The term "subject" used herein 
may be either human beings or mammal other than human. A method 
of administering the pharmaceutical of the present invention is 
not particularly limited, and can be determined according to a form 
of the pharmaceutical, a subject's age or sex, and other conditions 
including a degree of the subject's symptom. A dosage of an active 
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ingredient of the pharmaceutical of the present invention can be 
appropriately set based on a dose regimen, a subject's age^or sex, 
a degree of a disease, and other conditions. Usually, the amount 
of casein, a partial peptide of casein and/or a casein hydrolysate 
as active ingredients may be set based on the amount ranging from 
0.1 to 1,200 mg/kg/day, preferably 10 to 500 mg/kg/day, and the 
pharmaceutical may be administered once or plural times per day. 

The cysteine protease inhibitor of the present invention is 
useful as preventive and therapeutic agents for diseases associated 
with cysteine protease, such as, allergy, muscular dystrophy, 
myocardial infarct, apoplexy, Alzheimer's disease, multiple 
sclerosis, cataract, osteoporosis, malignant hypercalcemia, 
enlargedprostate, breast cancer , prostate cancer , and periodontitis, 
or as an inhibitor of cancer cell growth or metastasis, or as a 
growth inhibitor of bacteria (Staphylococcus aureus V8, etc.) or 
viruses (poliovirus, herpesvirus, coronavirus, AIDS virus, etc.). 
The cysteine protease inhibitor of the present invention may be 
used alone, or used in combination with known preventive and 
therapeutic agents for the above-mentioned diseases or known growth 
inhibitor of the bacteria or viruses. Such combination can enhance 
preventive and therapeutic effects against the diseases, or a growth 
inhibitory effect against the bacteria or viruses. The known 
preventive and therapeutic agents for the above-mentioned diseases, 
or the growth inhibitor of the bacteria or viruses to be combined 
may be contained in the inhibitor of the present invention as an 
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active ingredient, or may be commercialized as another agent and 
combined upon use without being contained in the inhibitor of the 
present invention . 

The food and drink composition of the present invention may 
be produced by adding casein, a partial peptide of casein, and/or 
a casein hydrolysate to raw materials of food or drink, and it can 
be orally ingested. As the raw materials, those employed in drink 
or food may be generally used. The food and drink composition of 
the present invention may be prepared in a similar way as usual 
food and drink composition except that the cysteine protease 
inhibitor is added. Examples of the forms of the food and drink 
composition include drinks such as cold drink, carbonated drink, 
nutrition drink, fruit drink and lactobacillus beverage (including 
concentrated stock solution and adjustment powder of those drinks) ; 
ice sweets such as an ice cream, sherbet and shaved ice; confectionery 
such as candy, chewing gum, gum, chocolate, confectionery pill, 
snack food, biscuit, jelly, jam, cream and baked confectionery; 
milk products such as processed milk, milk beverage, fermented milk 
and butter; bread; enteral nutrition formula, liquid formula, infant 
formula and sports drink; and other functional food. 

The amount of casein, a partial peptide of casein and/or a 
casein hydrolysate to be added in the food and drink composition 
of the present invention is properly set according to the form of 
the food and drink composition, and normally they may be added in 
an amount of 0.005 to 80% by mass, preferably 0.05 to 60% by mass 
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in the food or drink. : 

The feed composition of the present invention can be produced 
by adding casein, a partial peptide of casein -and/or a casein 
hydrolysate to feed, and orally administered to general mammals, 
livestock, pisciculture, farmed fish, and pet animals. Examples 
of the forms of feed composition include pet foods, livestock feed, 
and pisciculture feed, and the feed composition of the present 
invention can be produced by formulating casein with grains, lees, 
rice bran, fish flour, bone manure, oils and fats, skim milk, whey, 
mineral feed, yeast and the like. 

The amount of casein, a partial peptide of casein, and/or a 
casein hydrolysate to be added in tire feed composition of the present 
invention is properly set according to the f ormof the feed composition, 
and normally they may be added in an amount of 0.005 to 80% by mass, 
preferably 0.05 to 60% by mass in the feed composition. 

The food and drink composition or the feed composition of the 
present invention may be. a food and drink composition or feed 
composition having indication of its efficacy as preventive or 
treatment of the diseases shown below. That is, it can be indicated 
as a preventive or treatment of diseases associated with cysteine 
protease, such as osteoporosis, malignant hypercalcemia, breast 
cancer, prostate cancer, periodontitis or bacterial and viral 
infectious diseases . 

The term "indicated" used herein means informing the users 
of the above-mentioned efficacy, and includes, for example, 
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indicating the above-mentioned efficacy on commercial products of 
the food and drink composition or the feed composition of the present 
invention or on packages or advertisement thereof, and transferring, 
turning over and displaying the substances having such indication. 
In particular, an embodiment in which it is indicated as a food 
for specified health uses [refer to Article 12(1), 5 of the regulation 
of Health Enforcement Law (April 30, 2003, Ordinance No. 86 of the 
Japanese Ministry of Health, Labor and Welfare)] is preferable. 

Examples of producing a partial peptide of casein or a casein 
hydrolysate used as an active ingredient of the cysteine protease 
inhibitor of the present invention will be shown below. 

[Production Example 1] 

Peptide having amino acid sequence of amino acid: numbers 133 
to 151 in the amino acid sequence described in .SEQ ID No. 1 was 
produced according to the following methods. 

A peptide of the present invention was produced by synthesizing 
it with an automatic peptide synthesizer (manufactured by Applied 
Biosystems Co., Ltd., Model 433A) . 

Fmoc-group, an amino protective group of HMP resin 
(manufactured by Applied Biosystems Co. , Ltd.) which is a solidified 
resin for peptide synthesis, was cleaved with N-methylpyrrolidone 
(manufactured by Applied Biosystems Co., Ltd., hereinafter, 
abbreviated to NMP) containing 20% of piperidine, and the resin * 
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was washed with NMP. Then, Fmoc-threonine [specifically, 
Fmoc-amino acid (manufactured by Applied Biosystems Co., Ltd.) 
corresponding to the C-terminal amino acid of a peptide to be 
synthesized] was condensed to the resin using FastMoc (registered 
trademark) reagent kit (Applied Biosystems Co . , Ltd.) / and the resin 
was washed with NMP. Next, the Fmoc group was cleaved again, and 
Fmoc-alanine corresponding to the second amino acid from the 
C-tferminus was condensed, followed by washing the resin. Protective 
peptide resin was prepared by further repeating condensation of 
Fmoc-amino acid and washing, and crude peptide was recovered from 
the resin . 

Peptides were purified from the crude peptides using high 
performance liquid chromatography (hereinafter, abbreviated to 
HPLC) . An example of a column to be used includes a reverse phase 
: C18-0DS (manufactured by Merck & Co, Inc., Lichrospher 100) . The 
obtained purified peptides were analyzed by HPLC to further confirm 
that the purified product is a single peptide. The amino acid 
sequence of the purified peptide was determined by use of a gas-phase 
automatic amino acid sequencer (manufactured by Applied Biosystems 
Co. , Ltd. , Model 473A) , and it was found to have amino acid sequence 
of amino acid numbers 133 to 151 in the SEQ ID No. 1. 

According to the similar method, a peptide having amino acid 
sequence of amino acid numbers 142 to 160 in the amino acid sequence 
described in SEQ ID No. 2 was produced. 
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[Production Example 2] 

100 g of commercial milk casein "Alacid" (protein content is 
90%, manufactured by Newzealand Milk Products) was suspended at 
a concentration of 10% in purified water heated to 60°C / and dissolved 
completely by adding 2 . 5 g of sodium hydroxide. The solution was 
then sterilized at 85°C for 10 minutes, and the temperature of the 
solution was adjusted to 50°C. After that, 2,500U of pancreatin 
(manufactured by Amano Enzyme Co., Ltd., 112, 000 : U/g) were added 
as protease and hydrolysis was performed by keeping at 50°C for 
4 hours. After denaturing the enzyme by heat-treatment at 90°C for 
10 minutes, about 100 g of a casein hydrolysate was obtained by 
lyophilizing the solution. The obtained casein hydrolysate had a 
degree of hydrolysis of 9.5% and a number-average molecular weight 
of 910 dalton. 

[Production Example 3] 

100 g of commercially-available sodium casein "Alanate" 

(protein content is 90%, manufactured by Newzealand Milk Products) 
was dissolved at a concentration of 12% in purified water heated 
to 50°C. Subsequently, the solution was sterilized at 85°C for 10 
minutes, and then adjusted to 40°C. Then, 250U of porcine trypsin 

(PTN6.0S; manufactured by Novozyme Inc., l,250U/g) were added as 
protease and hydrosis was performed by keeping at 40°C for 6 hours. 
After denaturing the enzyme by heat-treatment at 90°C for 10 minutes, 
100 g of a casein hydrolysate was obtained by lyophilizing the solution . 
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The obtained casein hydrolysate had a degree of hydrolysis of 10.8% 
and a number-average molecular -^weight of 750 dalton. 

■% 

Hereinafter, the present invention will be described in detail 
by showing Test Examples. 
[Test Example 1] 

The present test was carried out to detect cysteine protease 
inhibitory substance in milk. 

(1) Detection method 

The inventor used a technique "reverse zymography" as a method 
of detecting protease inhibitory substance and detected a protease 
inhibitory substance located on the gel of SDS-polyacrylamide gel 
electrophoresis. The reverse zymography is based on a technique 
opposite of the normal zymography, and the basic principle of the 
reverse zymography is as follows. That is, a sample containing 
protease inhibitory substance is applied onto SDS-polyacrylamide 
gel containing gelatin, and electrophoresis is performed, followed 
by soaking the gel in a protease solution to degrade protein in 
the gel. Protease activity is inhibited on a portion where an 
inhibitory substance is present and gelatin of the portion avoids 
being degraded by protease and is stained with staining solution, 
which enables detection of inhibitory substance. 

(2) Test method 

A method of the reverse zymography in the present invention 
is* as follows . 
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Using total milkprotein and natural bovine B-casein as samples, 
electrophoresis (hereinafter, SDS-polyacrylamide gel 

electrophoresis is sometimes abbreviated to SDS-PAGE) was conducted 
with 12.5% SDS-polyacrylamide gel containing 0 . 1% of gelatin. After 
electrophoresis, the gel was washed by immersing it in a 2.5%Triton 
X-100 solution for 45 minutes, and further washed by repeating three 
times the operation of immersing the gel in distilled water for 
45 minutes . Then, the gel was immersed in 100 ml of a 0 . 025 M acetic 
acid buff er solution (pH5.5) containing 1 mg of papain (31units/ml) , 
and gelatin was digested by keeping the solution at 37°C for 10 
hours. The gel was washed with distilled water, stained with a 
staining solution (0.025% Coomassie brilliant blue (CBB) R-25'0, 
40% methanol, 7% acetic acid aqueous solution) for one hour, and 
then destained with a destaining solution (40% methanol, 10% acetic 
acid aqueous solution) . 

Aside from this, as a control test, the reverse zymography 
was conducted with a 12.5% SDS-polyacrylamide gel not containing 
gelatin in the same way as above. Further, typical 12.5% SDS-PAGE 
(CBB staining) was also performed. 
(3) Test results 

The results of the present test are as shown in Fig. 1. Fig. 

1 shows the pattern of the reverse zymography. Lane 1 in Fig. 1 
shows a typical SDS-PAGE pattern of the total protein in milk, lane 

2 shows a pattern of the reverse zymography of the total protein 
in milk, lane 3 shows a pattern of the reverse zymography (control) , 
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in which the gel does not contain gelatin, of the total protein 
in milk, lane 6 shows a; pattern of the reverse zymography of the 
natural bovine li-casein> and lane 7 shows a pattern of the reverse 
zymography (control) , in which the gel does not contain gelatin, 
of the natural bovine li-casein, respectively. Arrows in the figures 
show a position of migration of the natural bovine fi-casein (35 
kDa in molecular weight) in SDS-PAGE. In addition, lanes 4 and 5 
have no direct relations with the present test examples. 

As is apparent from Fig. 1, a positive band of the reverse 
zymography was found in the position almost identical with the 
position of migration of bovine li-casein (35kDa) in lane 2. This 
ensured ; the presence of a substance having cysteine protease 
inhibitory activity in milk. In addition, a positive band was found 
in lane 6 which shows the reverse zymography using papain in which 
natural bovine fi-casein was migrated. 

The above-described results suggested that li-casein derived 
from bovine has cysteine protease inhibitory activity. 

[Test Example 2] 

The present test was carried out to determine the N-terminal 
amino acid sequence of a band of 35 kDa which was suggested to have 
cysteine protease inhibitory activity in Test Example 1. 
(1) Test method 

SDS-PAGE was carried out with total protein sample in milk 
used in Test Example 1, and proteins were transferred to 
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polyvinylidene difluoride (PVDF) membrane. The PVDF membrane was 
stained with CBB, and then the stained band migrated in the vicinity 
of 35 kDa was cut out. The N-termini amino acid sequence of this 
band was determined with a G1005A Protein Sequencing System, 
manufactured by Hewlett-Packard Company. 
(2) Test result 

The result of the present test is as shown in Fig. 2. Fig. 
2 shows the result of the determination of the amino acid sequence 
of 35 kDa stained band in milk. The result shows that the N-terminal 
amino acid sequence of a stained band of 35 kDa has completely matched 
with that of bovine ft-casein. Accordingly, both results of the 
present test and Test Example 1 revealed that bovine fi-casein has 
cysteine protease inhibitory activity. 

[Test Example 3] 

The present test, was carried out to detect a region having 
cysteine protease inhibitory activity in a casein molecule. 
(1) Test method 

250 \ig of bovine ii-casein was dissolved in a 100 mM Tris-HCl 
buffer solution (pH 8.5), and digested with lysylendopeptidase at 
35°C for 16 hours. Cysteine protease inhibitory activity was 
determined to confirm whether the digested bovine fi-casein peptide 
mixture retains the cysteine protease inhibitory activity. 

The inhibitory activity was measured with reference to the 
method by Barrett et al . ("Methods in Enzymblogy, " Vol . 80, p535-561, 
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1981) as described below. Namely, Z-Phe-Arg-MCA (final 
concentration pf 20 mM: manufactured by Peptide Institute, Inc.) 
■ was added as a -substrate to a solution containing bovine li-casein 
peptide mixture dissolved in a 0.1 M acetic acid buffer solution 
pH 5.5. Then, a cysteine protease (papain in the present test: 
manufactured by Sigma Co., Ltd.) solution (final concentration: 
15 units/ml) was added, the whole solution was mixed and the reaction 
was carried out at 37 °C for 10 minutes. Subsequently, fluorescence 
intensity (excitation wavelength : 370 nm, emission wavelength : 460 
nm) of AMC released from the digested substrate was measured with 
a fluorescence spectrometer (manufactured by Hitachi, Ltd.). 

Since the measurement ensured that the bovine fi-casein peptide 
mixture has the. cysteine protease inhibitory activity, major peaks 
-were separated from the peptide mixture with an acetonitrile linear 
concentration elution method based on reverse phase HPLC using TSK 
Gel DDS-80TS column (manufactured b Tosoh Corporation) . Then, 
cysteine protease inhibitory activity was measured for each sample 
of separated peaks (hereinafter, described as peptide samples) in 
the same way as above. 

Amino acid sequences of peptide samples which had been shown 
to have an activity as a result of measurement of the inhibitory 
activity of the peptide samples were determined with a G1005A Protein 
Sequencing System, manufactured by Hewlett-Packard Company. 
(2) Test result 

The result of the present test is shown in Fig. 2. The result 
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revealed that the major peptide sample having inhibitory activity 
has amino acid sequence (underlined portion: hereinafter, j the 
peptide having the sequence is described as bovine A-casein peptide) 
ranging from Leu of 142th residue to His of 160th residue in the 
amino acid sequence of bovine 13-casein in Fig. 2. 

[Test Example 4] 

The present test Was carried out to measure an inhibitory 
activity of caseins on cysteine protease. 

(1) Test method 

Each of bovine A-casein, bovine a-casein and bovine K-casein 
was used as a test sample. Cysteine protease-inhibitory activity 
of each test samples was measured in the same method as that of 
measuring the cysteine protease-inhibitory activity described in 
the Test Example 3: 

(2) Test results 

The results of the present test are as shown in Fig. 3. Fig. 
3 shows cysteine protease-inhibitory activity of each of the bovine 
A-casein, bovine a-casein and bovine K-casein to papain. The results 
revealed that A-casein and K-casein completely inhibit papain at 
a concentration of 10" 5 M, and that a-casein, though somewhat weak, 
almost inhibits papain activity at a concentration of 1CT 4 M . 
Accordingly, K-casein and a-casein as well as A-casein were found 
to have the cysteine protease-inhibitory activity. 
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[Test : Example 5] 

: The present test was carried out to measure a spectrum of 
cysteine protease-inhibitory activity of bovine li-casein. 

(1) Test method 

A spectrum of cysteine protease-inhibitory activity of a test 
sample was measured in the same way as that of measuring the cysteine 
protease-inhibitory activity described in the Test Example 3, using 
bovine 15-casein as a test sample, andpapain, cathepsin B and cathepsin 
L as cysteine proteases. 

(2) Test results 

The results of the present test are as shown in Fig. 4. Fig. 
4 shows the result of the measurement of an inhibitory activity 
of bovine ft-casein to papain, cathepsin B and cathepsin L . The result 
revealed that bovine li-casein completely inhibits papain at a 
concentration of 10~ 5 M. It also revealed that bovine U-casein almost : 
inhibits protease activities of cathepsin B and cathepsin L-at a 
concentration of 10" 4 M. Accordingly, it became apparent that bovine 
A-casein inhibits protease activities of papain, cathepsin B and 
cathepsin L, and that it has a wide spectrum of the cysteine 
protease-inhibitory activity. 

[Test Example 6] 

The present test was carried out to measure an inhibitory 
activity of human B-casein on cysteine protease. 
(1) Test method 
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Cysteine protease-inhibitory activity of a test sample was 
measured in the same way as the method of measuring :the cysteine 
protease-inhibitory activity described in Test Example 3, using 
a test sample of human JS-casein purified according to a conventional 
procedure (for example, purified according to the method described 
in "J. Daily Sci." Vol. 53, No. 2, pp. 136 to 145, 1970) , or a peptide 
having an amino acid sequence of amino acid numbers 133 to 151 of 
the amino acid sequence shown in SEQ ID No. 1 (amino acid sequence 
of human B-casein) of the Sequence Listing (underlined peptide of 
human ft-casein in Fig. 5: hereinafter, the peptide having the sequence 
will be referred to as human fi-casein peptide) which was synthesized 
in Example 1. 
(2) Test results 

The results of the present test .revealed that human ft-casein 
almost completely inhibits protease activity of papain at a 
concentration of 1CT 5 M, and that human ft-casein peptide inhibits 
65% of protease activity of papain at a concentration of 10" 5 M and 
completely inhibits protease activity of papain at a concentration 
of 1CT 4 M. 

[Test Example 7] 

The present test was carried out to measure an inhibitory 
activity of a casein hydrolytsate to cysteine protease. 
(1) Sample preparation 

Casein hydrolysate was produced in the same way as in Production 
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Example 2 except that 2,000, 8,000 or 9,000 units of pancreatin 
were added, and each hydrolysate produced thereby was named as a 
test sample 1, test sample 2 or test sample 3. The degree of 
hydrolysiss (%) of the test sample 1, test sample 2 and test sample 
3 were 8.2, 33.5 and 38.0, respectively. In addition, the 
number-average molecular weights (dalton) of the test sample 1, 
test sample 2 and test sample 3 were 1, 020, 250, and 210, respectively. 

(2) Test method • 

Z-Phe-Arg-MCA (final concentration of 20 mM: manufactured by 
Peptide Institute, Inc.) was added as a substrate into a solution 
in which a test sample was dissolved in a 0.1 M acetic acid buffer 
(pH 5.5). Then, a papain solution (final concentration of 15 
units/ml) as a cysteine protease solution was added arid mixed, and 
the reaction was performed at 37°C for 10 minutes. Subsequently, 
fluorescence intensity (excitation wavelength: 370 nm, emission 
wavelength: 4 60 nm) of AMC released from the digeated substrate 
was measured with a fluorescence spectrometer (manufactured by 
Hitachi, Ltd. ) . 

(3) Test results 

The results of the present test are as shown in Table. 1 . Table 
1 shows cysteine protease-inhibitory activity of each test sample. 
The results revealed that the test sample 1 inhibited 39% of cysteine 
protease activity of papain at a concentration of 0.1 mg/ml, and 
inhibited 61% at a concentration of 0.2 mg/ml. The results also 
revealed that test sample 2 inhibited 76% of cysteine protease 
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activity of papain at a concentration of 0.2 mg/ml, and inhibited 
50% at a concentration of 0.05 mg/ml, and tjhat the test sample 3 
inhibited 53% of cysteine protease activity of papain at a 
concentration of 0.2 mg/ml, 44% at a concentration of 0.1 mg/ml 
and 37% at a concentration of 0.05 mg/ml. 



[Table 1] 





Degree of 
hydrolysis 
(%) 


Number-average 
molecular weight - 
(Dalton) 


Inhibition rate 


at each 


Sample 


concentration 


(%) 


0.2 
(mg/ml) 


0.1 
(mg/ml) 


0. 05 
(mg/ml) 


Test 
sample 1 


8.2 


1, 020 


61 


39 


8 


Test 
sample 2 


33. 5 


250 


76 


64 


50 


Test 
sample 3 


38 . 0 


210 


53 


44 
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Examples 

Next, thepresent invention will be more specif ically described 
by showing examples. " However, the present invention is not limited 
to the following examples. 
[Example 1] 

(Preparation of a tablet in which bovine ft-casein is formulated) 
A tablet of a cysteine protease inhibitor having the following 
compositions was produced according to the following procedures. 

Bovine fi-casein (manufactured by Sigma Co., Ltd.) 40.0(%) 
Lactose (manufactured by Morinaga Milk Industry Co., Ltd.) 18.5 
Cornstarch (manufactured by Nisshin Flour Milling Co., Ltd.) 30.7 
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Magnesium stearate (manufactured by Taihei Chemical Industrial Co. , 
Ltd.) 1.4 

Carboxymethyl cellulose calcium (manufactured by Gotoku Chemical 
Co., Ltd.) 9.4 

A mixture of bovine fi-casein, lactose, cornstarch and 
carboxymethyl cellulose calcium was kneaded uniformly while sterile 
purified water was appropriately added, and the kneaded product 
was dried at 50°C for three hours. Magnesium stearate was then added 
to the obtained dried product and mixed, followed by compression 
according to a conventional procedure, thereby a tablet was obtained . 

[Example 2] 

(Preparation of encapsulated bovine ft-casein) 

600 g of lactose (manufactured by Wako Pure Chemical Industries, 
Ltd.), 400 g of cornstarch (manufactured by. Nisshin Flour Milling 
Co., Ltd.), 400 g of crystalline cellulose (manufactured by Wako 
Pure Chemical Industries, Ltd.) and 600 g of bovine ft-casein 
(manufactured by Sigma Co., Ltd.) were sieved with 50 mesh sieve 
(manufactured by Yamato Scientific Co., Ltd.), and put into a 
polyethylene bag with a thickness of 0.5 mm to allow to mix upside 
down. The obtained powder was packed into a capsule (manufactured 
by Shionogi Qualicaps, Inc., gelatin capsule No. 1, Op Yellow No. 
6 Body, 75 mg of empty weight) in a content of 275 mg using a fully 
automatic capsule filling machine (manufactured by Cesere Pedini, 
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press type) , thereby 7 , 000 capsules Teach containing 82 mg of bovine 
ii-casein were obtained. } 

~i 

[Example 3] 

(Preparation of drink in which bovine fi-casein is added) 

90 g of skim milk (manufactured by Morinaga Milk Industry Co . , 
Ltd.) were dissolved in 800 ml of hot water at a temperature of 
50°C, and 30 g of sugar (manufactured by Nissin Sugar Manufacturing 
Co. , Ltd. ) , 14 g of instant coffee powder (manufactured by Nestle) , 
2 g of caramel (manufactured by Showa Kako Co., Ltd.) and 0.01 g 
of coffee flavor (manufactured by San-Ei Gen F.F.I. Inc.) were 
sequentially added and dissolved in the solution while stirring. 
Then, the mixture was cooled to 10°C, and 1 g of bovine fl-casein 
(manufactured by Sigma Co., Ltd.) was added, thereby milk beverage 
containing about 0.1% of bovine ii-casein and having cysteine 
protease-inhibitory activity was obtained. 

[Example 4] 

(Preparation of powder of enteral nutrition formula in which bovine 
Jl-casein is added) ■ 

10.8 kg of enzyme degradation product of whey protein 
(manufactured by Morinaga Milk Industry Co. , Ltd. ) , 36 kg of dextrin 
(manufactured by Showa Sangyo Co., Ltd.), and a small amount of 
water-soluble vitamin and minerals were dissolved in 200 kg of water 
to prepare an aqueous phase in a tank. Aside from this, 3 kg of 



soybean salad oil (manufactured by Taiyo Yushi Co., Ltd.)/ 8 . 5 kg 
of palm oil (manufactured by Taiyo Yushi Co., Ltd.), 2.5 kg of 
saf flower oil (manufactured by Taiyo Yushi Co., Ltd.), 0.2 kg of ■ 
lecithin (manufactured by Ajinomoto Co., Inc.), 0.2 kg of fatty 
acid monoglyceride (manufactured by Kao Corporation) and a small 
amount of fat-soluble vitamin were mixed and dissolved to prepare 
an oil phase. The oil phase was added to the aqueous phase in the 
tankandmixedby stirring, followedby heating to 70°C andhomogenized 
by a homogenizer under a pressure of 14.7 MPa . Next, the resultant 
was sterilized at 90°C for 10 minutes, concentrated and spray-dried, 
thereby approximately 59 kg of powder of intermediate product was 
obtained. Then, 6.8 kg of sucrose (manufactured by ; 

Hokuren-Federation of Agriculture Cooperatives) , 167 g of amino 
acid mixture powder (Aj inomoto Co . , Inc.) and 60 g of bovine B-casein - 
(manufactured by Sigma Co. , Ltd. ) were added to 50 kg of the powder 
of the intermediate product, and uniformly mixed, thereby 
approximately 57 kg of enteral nutrition formula powder containing 
bovine ft-casein and having a cysteine protease-inhibitory activity 
was obtained. 

[Example 5] 

(Preparation of a tablet in which hydrolysate of bovine casein is 
formulated) 

A tablet of cysteine protease inhibitor having the following 
composition was produced according to the following procedure. 
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Casein hydrolysate produced in Production Example 2 40.0 (%) 
Lactose (manufactured by Morinaga Milk Industry Co., Ltd.) 18.5 
Cornstarch (manufactured by Nisshin Flour Milling Co., Ltd.) 30.7 
Magnesium stearate (manufactured by Taihei Chemical Industrial Co . , 
Ltd.) 1.4 

Carboxymethylcellulose calcium (manufactured by Gotoku Chemical 
Company Ltd.) 9.4 

A mixture of bovine casein hydrolysate, lactose, cornstarch 
and carboxymethyl cellulose calcium was kneaded uniformly while 
sterile purified water was appropriately added, and the whole was 
dried at 50°C for three hours. Magnesium stearate was then added 
to the obtained dried product and mixed, followed by compression 
according to.a conventional procedure, thereby a tablet was obtained. 

[Example 6] 

(Preparation of drink in which hydrolysate of bovine casein was 
added) 

90 g of skim milk (manufactured by Morinaga Milk Industry Co . , 
Ltd. ) was dissolved in 800 ml of hot water at a temperature of 50°C, 
and 30 g of sugar (manufactured by Nissin Sugar Manufacturing Co. , 
Ltd.), 14 g of instant coffee powder, 2 g of caramel (manufactured 
by Showa Kako Co., Ltd.) and 0.01 g of coffee flavor (manufactured 
by San-Ei Gen F.F.I. Inc.) were sequentially added and dissolved 
while stirring. Then, the mixture was cooled to 10°C and 1 g of 
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hydrolysate of bovine casein produced in Production Example 2 was 
added into the mixture, thereby milk beverage containing about 0 . 1% 
of hydrolysate of bovine fi-casein and having a cysteine 
protease-inhibitory activity was obtained. 

[Example 7] 

(Preparation of enteral nutrition formula in which hydrolysate of 
bovine casein is added) *• 

10.8 kg of hydrolyzed product of whey protein (manufactured 
by Morinaga Milk Industry Co. , Ltd. ) , 36 kg of dextrin (manufactured 
by Showa Sangyo Co. , Ltd. ) , small amounts of water-soluble vitamin 
and mineral were dissolved in 200 kg of water to prepare an aqueous 
phase in a tank. Aside from this, 3 kg of soybean salad oil 
(manufactured by Taiyo Yushi.Co . , Ltd.), 8 . 5 kg of palm oil (available 
from Taiyo Yushi Co., Ltd.), 2.5 kg of saf flower oil (manufactured 
by Taiyo Yushi Co., Ltd.), 0 . 2 kg of lecithin (manufactured by 
Ajinomoto Co., Inc.), 0.2 kg of fatty acid- monoglyceride 
(manufactured by Kao Corporation) and a small amount of fat-soluble 
vitamin were mixed and dissolved to prepare an oil phase. The oil 
phase was added to the aqueous phase in the tank, and the whole 
was mixed by stirring, heated to 70°C and homogenized under a pressure 
of 14.7 MPa with a homogenizer. The resultant was sterilized at 
90°C for 10 minutes, then concentrated and spray-dried, thereby 
approximately 59 kg of powder of intermediate product was prepared. 
6.8 kg of sucrose (Hokuren-Federation of Agriculture Cooperatives) , 
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167 g of powder of amino acid mixture (Ajinomoto Co., Inc.) and 
60 g of hydrolysate of bovine casein produced in Production Example 
2 were added to 5Q kg of the powder of intermediate product, and 
the whole was mixed uniformly, thereby approximately 57 kg of enteral 
nutrition formula powder containing hydrolysate of bovine casein 
and having a cysteine protease-inhibitory activity was produced. 

Industrial Applicability 

As described in detail above, the present invention relates 
to a cysteine protease inhibitor comprising casein, a partial peptide 
of casein and/or hydrolysate of casein as an active ingredient. 
Effects exerted by the present invention are as follows: 

( 1 ) Excellent in safety and capable of being administrated or ingested 
dally in a long term because it is made of a protein available as 
food material, partial peptide thereof, and/or a hydrolysate 
thereof . 

(2 ) Having a wide spectrum of inhibitory activity to various cysteine 
proteases . 

(3) Usable as preventive or therapeutic agents for diseases 
associated with cysteine protease. 

(4) Applicable to production of functional food including food for 
specified health uses and nutritional supplementary food. 

(5) Usable as an agent for adjusting physical properties of food 
in the field of food processing. 
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